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Abstract 
Although many definitions   present the concept of the ecosystem approach to fisheries (EAF),there are lack of consensus on the 
definition and scope for the management. Design and implementation of this specific management are still ambiguous because 
the formulation criteria are not specified. Supporting by Coral Triangle Initiative (CTI), EAF in Indonesia has been implemented 
since 2010. Among 32 EAFM indicators used, standard CPUE, fish size, juvenile caught proportion, and species composition 
will be reviewed based on the reference values which are more useful in showing single-species approach management. Balance 
fishery as the alternative of single-species approach will be introduced. 
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1. Introduction 
There are many definitions which are useful in presenting concept of the ecosystem approach to fisheries (EAF) but 
there are also lack of consensus on the definition and scope of the ecosystem approach in fisheries management. 
Definition of ecosystem itself is a community of many living organisms (biodiversity) in conjunction with the non-
living components of their environment to live, feed, reproduce and interact. Ecosystem approach under the 1995 
FAO code describes conservation all species belonging to an ecosystem and together with monitoring and 
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evaluation of the impact of human activities on ecosystem (Morishita [1]). In fisheries management, quality, 
diversity and availability of fishery resources should be maintained in sufficient quantities for present and future 
generations. By assembling all those meanings and goals of fisheries management, ecosystem approach to fisheries 
management should include the impact of fishing on the component of ecosystem and tries to courage other 
activities to protect the ecosystem. Depend on the fishing activities conducted, large scale orsmall scale fisheries, 
consensus on definition and scope of EAF for managing the fishery vary.  
Design and implementation of ecosystem approach for fisheries management are still ambiguous due to the 
formulation criteria are not specified (Garcia et al. [2]).EAF requires that fisheries should be managed to limit their 
impact on the ecosystem to the extent possible (Zhou et al. [3]). There are several basic-principle to 
implementEcosystem approach to fisheries management included:i) impact of fisheries is limited to the marginal of 
ecosystem toleration; ii) protection of ecological interaction between resources and its environment; iii) 
compatibility of management tools for all kind of fish; vi) cautiousness in decision making processand v) assurance 
of balancing human needs and ecosystem (Budhiman et al. [4]).  
The 2002 World summit on Sustainable Development Plan of Implementation requires the development and the 
implementation of an ecosystem approach together with the deletion of destructive fishing practises, establishment 
of marine protected area or other time/area closure, adoption of coastal-land use and water-shed planning, and the 
integration of economic sector into marine and coastal area management (Garcia and Cochrane. [5]). Recently, there 
are numbers of attempts is growing as fisheries scientists, managers and stakeholders deal with specific details of 
how to do EAFM (Murawski [6]) and we are in the middle of how to implement (Link et al. [7]). 
Significant legislative and political emphasis has been placed in 6 Coral Triangle Initiative (CTI) member countries 
on ecosystem-approach fisheries management. Marine Protected Area Governance (MPAG) and consortium NGO 
have committed to support the implementation of EAFM roadmap in Indonesia which has been developed by 
Working Group 2 National Coordinating Committee - Coral Triangle Initiative (WG2 NCC-CTI).Indonesia has 
subdivided their fishing grounds into 11 fisheries management areas (FMAs), defined and tested their EAFM 
indicators and formed an expert panel to support EAFM implementation. A number of area-based and species-based 
fisheries management plans have been developed. We note that the main idea of EAFM implementation in 
Indonesia is to perfectly improve the current fisheries management by putting more concern not just on economy but 
also social live. However, regarding the ecosystem itself, the way of managing the fisheries is still using the current 
system, single-species assessment. Our goalsare to review some of indicators used in EAFM implementation in 
Indonesia and promote balance fishery that provide less or no impact on ecosystem. 
2. Indicators And Its Implementation 
Indicator is a variable, pointer, or index that measures the current condition of a selected component of the 
ecosystem and guide to achieve sustainability in fisheries management. As EAF is an integrated approach, the 
availability of a set of ecological indicators with its reference values play important role (Garcia and Cochrane [5]). 
There are 3 main aspect of the footprint of fisheries on ecosystems: gear impact on habitats, mortality because of 
bycatches of other marine organisms and indirect trophic impact because of the altered abundance of targeted and 
bycatch species (Rice [8]). It is therefore advisable to express both the aspect of fisheries and the elements in the 
ecosystem, and identify the relevant indicators and references points marking a target, limit or threshold (Garcia 
[9]). EAFM in Indonesia has 32 indicators represented 6 domains of habitat and ecology, fish resources, fishing 
technology, economy, social and institution. Thirteen indicators (40%) related to fisheries ecosystem aspect 
(Budhiman [4]). Fish resources domain with 4 indicators will be discussed. 
2.1. Standard Catch Per-unit Effort Indicator 
The Catch per Unit of Effort (CPUE) is already a standard tool among biologists to determine developments in fish 
stocks and among economists as an indicator for the efficiency of the fishing operation. The relative simplicity of 
the measure renders it a potential tool for continuous fisheries operation monitoring (van Hoof and Salz [10]).The 
goals of Indonesian fisheries management are determined by maximum sustainable yield (MSY) following the 
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concept of Schaefer [11] model which is based on an analysis of annual catch and effort data. As long as the 
correlation of catch and effort is negative, Schaefer curve to estimate the MSY can be constructed. Without need as 
much data as other methods such as age-based, size-cohort, natural mortality, etc, which is cost and time consuming 
for the observation. How good the result is can be used as indicator for EAFM?  
 
Some arguments arose after the indication of overexploitation by five Indonesian fisheries (Widodo et al. [12]), and 
the concept of MSY has proven to be ineffective in guiding fisheries management (Mous et al. [13]). Our CPUE 
analysis for reef fishes caught by longlines showed contradictive result. In Figure 2, the catch has declined since 
1980 but the Schaefer curve showed over-exploited at the beginning and the latest catch was categorised as under-
exploited. This means that lowering fleet capacity (such proposed by Widodo et al. [12]) is a promising fisheries 
management while Indonesian fisheries have been reported facing certain depletion (Heazle and Butcher [14]). 
 
 
Figure 1. Distribution of reef fish catches during 1980 – 2010 and the estimated MSY based on Schaefer curve 
2.2. Fish Size Indicator 
In the marine ecosystem, size is the single most important parameter governing biological and ecological processes. 
In biological processes, from recruitment, growth, spawning until mortality, either length or weight of an organism 
is the main factor. Ecological interest for all types of communities also uses size distribution as an important topic 
related to information on community metabolism (Peters [15]). Size of organisms is the main parameters for 
predator-prey interaction which larger ones will prey the smaller depend on the mouth opening. By aggregating all 
sizes of the organisms regarding their trophic group, biomass-size spectrum is an appealing method to reduce a 
complex food web to a simple (Andersen and Beyer [16]). 
There are several methods for using fish size parameter in fisheries management purposes, such as size-selectivity 
(Millar and Holst [17]) and biomass-size spectrum (Graham et al. [18]). Knowledge of the size-selectivity of 
commercial fishing gears is crucial to management of a fishery for purposes of maximizing yield and protecting 
juvenile fish (Wilemanet al. [19]). Moreover, fishing gears may be used as research tools for monitoring the length 
distribution of the stock by using the size selectivity of the gears to adjust the length distribution of the catches.For 
Indonesian EAFM, indicator of fish size use reference value of d50%, fraction retained of each length group. By 
using d50% as selective-range, in order to retain larger size of fish or small fish may escape, bigger mesh size was 
applied for the codend of trawl (Millar and Fryer [20]), using different type of codend mesh, diamond mesh and 
square mesh (Guijarro and Massuti [21]; Bahamonet al. [22]; Ates et al. [23]), using bigger mesh size in traps 
(Steward and Ferrel [24]), and bigger mesh size in gillnet (Hutubessy [25]).  The results showed higher escapement 
ratio (Guijarro and Massuti [20[) and increasing mean retention length (Steward and Ferrel [24]; Bahamonet al. 
[22]; Ateset al. [23]; Hutubessy [25]).Capture big fish is desirable because optimal economic value can be achieved. 
Does size-selective fishing conserve fisheries sustainability? Figure 2 showed that when the selection ogive curve 
combined with the biomass curve, it would seem that the fish caught are large in size but low in biomass. 
Meanwhile, juvenile fish in a large biomass are allowed to escape. By increasing the effort of targeting larger fish, it 
will lead to depletion numbers of larger fishes (because the biomass is low). And as a consequence,the remaining 
smaller fish will form a population with slower growth, earlier age at maturity, smaller size, and other changes that 
can lower population productivity(Swain et al. [26]; Sharpe and Hendry [27]). 
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Figure 2. Combined selection ogives curve for three trawls (following Armstrong et al. [28]) and stock population biomass curve 
showing young fish escape at the left side of selection curve and large fish caught after the selection curve (shaded 
area) 
 
2.3. Indicator Of Juvenile Caught Proportion 
This indicator closely relate to previous indicator with sex-selective as the assessment. The idea of managing the 
fisheries based on the first size of maturity (m50%) is to give the whole fish reproduction opportunity to save the 
population. Avoiding juveniles has been justified to let fish reproduce at least once before they are harvested 
(Sisserwine and Shepperd [29]. By removing large productive females or males, the younger spawners which 
escaped have low fecundity, low egg quality and poor larval survival (Marteinsdottir and Begg [30]). 
Meanwhile,elderly females are far more important than younger fish in maintaining productive fisheries (ex. 
rockfish, Berkeley et al. [31]). The larvae produced by these older maternal fish grow faster, survive starvation 
better, and are much more likely to survive than the offspring of younger fish (Haldorson and Love [32]; Chase 
[33]). This condition may lead to the changing of stock population (Zhou et al. [3]).  Furthermore, if we dealing with 
hermaphroditism fish such as grouper (Serranidae), changing sex from female to male, male greater than size limit 
become rare because of selective fishing.  Ratio between female and male became greater (Thompson and Munro 
[34]) and male will deliberately spawn earlier (Grime et al. [35]).Once again, removing larger adult of target may 
have negative impact on reproductive potential of the species and lead  to genetic change in population (Law [36]; 
[37]) and evolution towards smaller sizes and slower growth (Conover and Munch [38]).  
 
2.4. Fish Composition Indicator 
All fishing gears produce bycatch because fishing gears are not perfectly selective. In selective fishing, composition 
of target species should be higher than bycatch.  Bycatch and discards are recognised as major issues in fisheries 
throughout the world (Rochet et al. [39]).  Bycatch, define as non-target species plus incidental bycatch, is perceived 
as a negative impact of fishing by accelerating the depletion of fish stock. Improving gear selectivity to reduce 
numbers of discards has been shown by many studies. They all recommended better solution in order to increase 
selectivity of the gear with goals of avoid protected species and select target species and target size which is suitable 
for market request. Most crustacean fisheries worldwide have a common problem due to large number of bycatch 
species and, consequently, a high number of discards (Broadhurst et al.[40]).    For example, the use of square mesh 
on codend more advisable than the diamond meshes because square mesh reduces weight of bycatch (Broadhurst et 
al. [41]; [42]). The using net wings and bunt in seines was to let escaping more unwanted species (Grayet al. [43]). 
Escape gap on trap reduced numbers of bycatch (Xu and Millar [44]; Overgardet al. [45]). Furthermore, the 
construction of square mesh codends in trawl gave higher size selectivity for red mullet, hake, and picarel (Bahamon 
et al. [21]; Guijarro and Massuti [20] but it was found to be unsuitable for flat and deep-bodied fish selectivity 
(Stewart [46]) because the behaviour of those fish towards the trawl net is different (Bublitz [47]). He et al.[49] used 
horizontal ropes between the selvedges in combination with a black tunnel to separate haddock from yellowtail 
flounder. Hexagonal mesh used for codends seemed to be selective for Atlantic horse mackerel but these are 
unsuitable to herring (Suuronen et al, 1991), crustacean (Aydın and Tosunog˘ lu [50]) and cephalopod selectivity 
(Tosunog˘ lu et al. [51]).  Although gear modifications purposes to increase multispecies selectivity, the result is 
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more suitable for single species.  Being selective in species will not sustain the catch of target species. Zhou [52] 
explained that discards from prawn trawl consist of small fish and categorised as zoobenthivorous fish which prey 
and space compete to prawn. So, it may beneficial to simultaneously reduce the biomass of prawn predators and 
competitors to increase prawns production. Targeting large predatory species (ex. groupers, snappers, trevally) from 
highly complex marine ecosystem (ex. coral reef) indirectly increase the abundance of smaller fish released from 
predation (Blancardet al. [53]; Daanet al. [54]; Dulvyet al. [55], 2004), species from top trophic levels will diminish 
while from lower trophic level will increase, and this will cause imbalance ecosystem and reduces evenness and 
species richness (Rochet et al. [38]) 
3. Balance Fishery 
Does selective fishing conserve community biodiversity? The answer depends on the particular species composition 
and size structure of the community. Advice intended to inform management will need to be based on clear 
definitions of biodiversity, and unambiguous management objectives for biodiversity and the fishery. 
Figure 3 below draws the catch of various fishing gears according to its size spectrum and catch biodiversity 
(following Graham [56]). Plot of gears distribution from small mesh size used and low biodiversity caught to gears 
with big mesh size and high biodiversity caught was overlaid the size spectrum models (following Andersen and 
Beyer [15]). It implies that big mesh size of gear with low catch biodiversity (pelagic trawl and purse seine) harvest 
mainly old fish while other types of trawl captured the most diverse of fish. According to Wotton [57], disturbance 
on multi-trophic level systems can, in many situations, have either no effect on the coexistence of competitors or on 
the decline in diversity.  A strategy which based on ecosystem approach suggested exploiting all exploitable species 
at all trophic level.  How this could happen if each gear has its selectivity? Possibility that could be achieved is all 
the gears are practiced together or can be called as multi-gear strategy (Gobert [58]).In   practical of multi-gear 
fishing for balance harvesting, since an ecosystem was fished by several gears, the catches will show an overlapping 
either among size structure and species composition. This overlap in harvest composition (size and species) then 
may figure the ecosystem condition and become important issue to consider other factors such as maintaining 
ecosystem attributes, habitat cover, trophic  levels, and the diversity of species (Cinneret al. [59]). The selectivity 
probably needs to be adjusted through gear technology, for example changing fishing technique (from seining to gill 
netting), or by gear modifying (ex. BRD, TED). It is expected that the result will spread the gears all over the 
trophic level productivity, and then the exploitation will cover the whole trophic level productivity.   Rijnsdorpet 
al[60] suggested the practice of targeting broader size-ranges (intermediate size classes) of fish but leave the early 
young and large mature sizes to escape.  Multi-gear strategy has been applied, for example, by Clark et al[61]. 
Bottom trawl fishery, the most well-known for causing considerable impact on the benthic habitat in Seamounts 
waters, together with other fisheries such as longlines, gillnets, traps and pots were used to balance the exploitation 
and conservation productive but fragile habitat in Seamounts waters. The most important is acknowledged of the 
condition of the ecosystem in the harvest area, and then the most appropriate strategy can be used.  
 
 
Figure 3. Distribution of fishing gears in natural growth modelling, derived from the size-spectrum models (modified from 
Andersen and Beyer [15]) combined with age spectrum and biodiversity of catch of various fishing gears (following 
Graham [56]) 
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4. Conclusion 
We only start understanding the ecological part of the concept of EAF, but that – in the literature - many nowadays 
simply take the concepts from single species assessments and transpose them to EAF, and then extend EAF to 
include social and economic dimensions to be taken into account in order to carry out single species goals. There is 
a long road ahead to reach a situation where there will be equitable, science-based management of the ecosystem 
effect of fishing. It is found no simple optimal level of selective fishing that would best maintain biodiversity 
(Rochet et al. [38]). On the other hand, balance fishery brings fishing mortality more in line with the natural 
variation in available productivity (Law et al. [62]). To achieve a balance fishery, condition of community properties 
in the ecosystem of the harvest area should be recognised such as biomass-size spectrum (Garcia et al. [63]; Law et 
al. [62]), then the most appropriate strategy can be applied. 
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